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The Response of an Oat-Ryegrass Mixture to
Applied Nitrogen, Phosphorus and Potassium
i Marvin Allen, H. D. Ellzey, B. D. Nelson,
C. R. Montgomery and P. E. Schilling'
INTRODUCTION AND OBJECTIVES
Considerable research has been reported regarcUng the response of
forages to fertihzation. In most of this work only one major plant nutrient
was applied and only yield was measured. Preliminary work of this nature
was necessary and contributed significantly to basic and general fertilizer
recommendations for forage crops. I his was particularly true following
World War II with the rapid increase in the use of fertilizer on pastures.
As knowledge of forage yield response to fertilizers accumulated, re-
searchers began to consider methods of altering and improving forage
quality and growth distribution. Considerable effort in recent years has
been directed to the measurement of forage "quality" for animal consump-
tion. Increasing cost and less profit in grassland farming place a premium
on forage that is high in quality and yield. Uniform forage yield distribu-
tion throughout the season is of extreme importance to a successful grazing
program. Thus, the evaluation of only total yield for the season may be
misleading as to the value of a forage in a grazing program.
Prior research conducted at the Southeast Louisiana Dairy and Pasture
Experiment Station, Franklinton, Louisiana, has shown significant yield
responses of forage crops to applied nitrogen, phosphorus, and potassium.
In most cases, one or two of the nutrients were held constant at what was
considered an adequate level and the other nutrient(s) was applied at
various rates.
Ryegrass in pure stands produces a higher total dry forage yield than
oats alone. However, an oat-ryegrass combination was used in this
study because the oats provide forage for grazing 20 to 30 days earlier in
the fall than ryegrass, and ryegrass provides grazing about 30 days longer
in the spring than oats. 1 hus the oat-ryegrass mixture has a longer grow-
ing season for grazing than either oats or ryegrass alone. Also, a more uni-
form distribution of growth is obtained throughout the season with a
mixture than with either species alone.
An experiment with varying rates of applied nitrogen, phosphorus,
and potassium to measure effects on both yield and quality of an oat-
ryegrass mixture was initiated in 19(36. I he selection of this mixture was
based on research which had shown that it provided a longer growing
season and a more uniform distribution of growth than any single
'Associate Professor, former Professor, Associate Professor, Researcli Associate,
Southeast Louisiana Dairy and Pasture Experiment Station, Franklinton, Louisiana;
Professor, Department of Experimental Statistics, Louisiana Agricultural Experiment
Station, Baton Rouge, Louisiana, respectively.
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species or other cereal-ryegrass combination. Approximately six months
of grazing were provided by this mixture.
The objectives of this investigation included:
(1) Determination of the response to various rates and ratios of N, P,
and K as measured, by total pounds of dry forage, crude protein,
and 171 vitro digestible dry matter produced per acre.
(2) Effects of rates and ratios of N, P, and K on the quality of the
forage as measured by percent crude protein, structural carbo-
hydrates, in vitro digestible dry matter, phosphorus, potassium,
calcium, and magnesium.
(3) To characterize yield and quality measurements over the growing
season, by use of regression equations.
REVIEW OF LITERATURE
The effects of various rates and combinations of the three major
plant nutrient elements on yield, chemical composition, and quality of
forage crops have been studied in detail by several investigators. Fewer
studies have been made of the combined effects of nitrogen, phosphorus,
and potassium than of the effects of one or any two of the three nutrients.
In general, forage yield, chemical composition, and quality will vary
greatly due to species, fertility status, stage of maturity, and climatic con-
ditions.
Pratt (17)^ summarized data in a study of digestibility and utilization
of nutrients by dairy cows from fertilized and nonfertilized bluegrass
pastures. The conclusions were that for practical purposes, herbage from
nonfertilized bluegrass met the animal needs for milk production as well
as did that from a fertilized pasture, provided enough herbage was avail-
able to supply the additional energy required to gather the herbage on
the poorer sod. It was pointed out that the increased yield due to
fertilization justified a fertilization program.
Brown and Hollowell (7) reported that the use of nitrogen fertilizer,
regardless of the carrier, frequently resulted in a slight increase in the
phosphorus content of the forage but appreciably reduced the calcium
content.
McCalla (11), from his work in the anion-cation balance in wheat,
stated that the ion balance was always decidedly in favor of anions, regard-
less of the nutrition of the plant. Results demonstrated that the effect of
limiting a nutrient increased the absorption of another ion of the same
sign, or decreased the total absorption of ions of the opposite sign.
Limiting nitrogen caused an increased phosphorus and sulfur absorption.
Limiting potassium caused an increased calcium and magnesium absorp-
tion.
Peech and Bradfield (16) stated that the addition of lime containing
neutral salts, or strong acids, may increase, decrease, or have no effect on
^Italic numbers in parentheses refer to list in References, page 62.
the concentration of potassium in the soil solution, depending on the
initial degree of base saturation of the soil. In the absence of neutral
salts, adding lime liberated adsorbed potassium even when an insufficient
amount of lime was added to neutralize all of the exchangeable hydrogen
ions.
A summary of data by Albrecht (2) showed that, with the addition of
lime and phosphorus as a soil treatment, there was a 21 percent increase
in yield, a 30 percent increase in protein in the forage, and a 50 percent
increase in animal gain per unit weight of forage fed. He concluded that
yield and chemical analysis alone were insufficient to measure the value
of all the beneficial effects of fertilizer treatments. He had concluded earlier
(1) that nutritional differences were greater in seasons unfavorable for
plant growth. The protein and mineral contents of the hays used did not
differ as widely as their efficiency in producing animal gains. This would
indicate that soil treatments bring about other compositional changes not
commonly measured. He presented evidence that additions of fertilizer or
lime to an extent that would cause unbalanced nutrient conditions in
the soil actually resulted in a crop of lower efficiency than where no nutri-
ent addition was made.
Maynard (10) reported that crude protein in excess of 16 to 18 percent
of the dry matter of the ration of herbivorous animals had no advantage
for any purpose. Deleterious effects occurred when the phosphorus
content of the dry matter was 0.12 percent or less. Maximum demands
such as animal growth and lactation may require as much as 0.30 percent
phosphorus in the forage. The calcium content should be 0.35 per-
cent on a dry matter basis when grass hay is the only source of calcium.
Patrick (75) demonstrated with Olivier silt loam soil that the level
of calcium and magnesium in the plant was dependent on the potassium
concentration in the soil, as well as the concentration of calcium and
magnesium in the soil.
Morrison (72) stated that good pastures, alone, will provide cows
with sufficient nutrients for body maintenance and the daily production
of 10 to 20 pounds of milk.
Data by Hodgson and Sweetman (9) indicate a lactating dairy cow
needs 0.045 pound of digestible protein, 0.32 pound of total digestible
nutrients, 1 gram of calcium, and 0.7 gram of phosphorus per pound of 4
percent fat-corrected milk. With pastures of high feeding values, high milk
producers cannot ingest enough total nutrients to meet their needs,
because the forage is succulent and bulky. Under good conditions, these
animals will consume about 30 pounds of dry matter daily, enough for
maintenance and production of 32 pounds of milk per day.
Russell (19) explained that when nitrogen fertilizer stimulates crop
growth, the nitrogen content of the fertilized crop, expressed as a
percentage of its dry or fresh weight, will often decrease, although the
total uptake of nitrogen per acre will increase. This is because the extra
dry matter which the added nitrogeh stimulated the plant to produce has
a lower nitrogen content than that produced by a nitrogen-starved plant.
Brouwer (6) stated the Ca/P ratio is of considerable importance in the
diet of ruminants and that diseases resembling rickets develop if this ratio
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is too tiigh or too low. Ratios of K/Xa, K/Ca, Xa/Ca, Ca/P, Mg/P, and
Ca/Mg, as well as probably other ratios, are important in animal nutri-
tion and health. An important point of consideration is that a change
in the ratio of any two elements cannot occin- alone. Forages that induce
grass tetany are characterized by high K \alues and low Ca and Mg values.
Data obtained from the Xational Research Council {13) indicated the
following ranges in mineral content are considered adequate in forage for
a beef co^v with a calf at her side (percent, on a dry matter basis): nitrogen
2.5 to 3.0, phosphorus 0.26 to 0.32, potassium 1.8 to 2.1, calcium 0.22 to
0.25, and magnesium 0.16 to 0.20.
EXPERIMENTAL PROCEDURE
The experiment was conducted on a Lexington silt loam soil at the
Southeast Louisiana Dairy and Pasture Experiment Station, Franklinton,
Louisiana. It commenced in the fall of 1966 and continued through the
1970-71 season. Prior history of the experimental site included a six-year
study with nitrogen rates on cool season annual grasses, in which phos-
phorus and potassium were applied uniformly at 140 pounds per acre
each of P2O5 and K2O, respectively. This was followed by two years
of cool season varietal testing which received annual applications of 200
pounds of nitrogen and 100 pounds each of phosphorus and potassium
expressed as P2O5 and K2O, respectively. 1 wo tons of dolomitic lime-
stone per acre were applied and incorporated into the soil on August 1,
1966. Soil analyses, prior to the initiation of the experiment, showed the
soil contained 28 p. p.m. extractable P, 45 p. p.m. extractable K, 720 p. p.m.
extractable Ca, and 187 p. p.m. extractable Mg, and had a 5.45 pH.
Ihe experimental design was a randomized complete block with
four replications. Three levels of nitrogen (200, 300, and 400 pounds per
acre), phosphorus (100, 200, and 300 pounds expressed as P2O5 per
acre), and potassium (100. 200, and 300 pounds expressed as K2O per
acre) were applied annually in a Pictorial arrangement of treatments. For
base line information, nine additional treatments were included in
which one or more of the plant nutrients were not applied.
The 36 treatments are summarized in the table on Page 7.
The sources of fertilizer material used were ammonium nitrate (33.5
percent X), triple superphosphate (46 percent P2O5), and muriate of
potash (62 percent K2O). I hese materials were weighed and applied
by hand. All the P and K and one-halt the X were applied broadcast and
disced in prior to planting. Of the remaining X, one-half was applied in
late December and one-half in mid-March.
The overall plot size was 10' x 21", the fertilized area was 8' x 20', and
the harvested area was 4" x 16'. The planting dates varied from Sept. 15 to
Sept. 30. Moregrain oats {Avcnn saliixi) and Gulf ryegrass {LoUuin jnuUi-
florum) Avere planted at rates of 112 poinids drilled and 30 poimds
broadcast j^er acre, respectively.
1 he clipping schechde for the first four years was based on the height i
of the forage. Plants were clipped to a 4-inch stubble when the forage
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averaged 12 to 14 inches high. Beginning in the fall, 1970, plants were
clipped to a 3-inch stubble on the first and fifteenth of each month. Clip-
pings for each season numbered 6, 6, 7, 6, and 10, respectively, beginning
with the 1966-67 season.
The forage was cut with a sickle bar mower and collected in an
% attached metal tray. Green weights were recorded and sub-samples of
the forage were dried in a forced-air, thermostatically controlled dryer.
Drying temperature did not exceed 135° F. Forage samples were ground
in a Wiley mill with a 1-mm screen for laboratory determinations.
Determinations of crude protein, P, K, Ca, and Mg of the forage
were made according to A.O.A.C. procedures (5). Cell wall constituents,
acid detergent fiber, and digestible dry matter were determined by the
Van Soest procedure (22). The in vitro digestible dry matter procedure
was modified by the addition of glucose and urea to the buffer solu-
tion to supply 0.05 and 0.25 percent of these nutrients to each fermenta-
tion tube, respectively. All data are reported on a dry matter basis.
Statistical analysis of the data was conducted according to Snedecor
(20). The data from all years were pooled over replications, and an
analysis of variance was conducted for each variable using years as
replications. An analysis of variance was conducted for the 3 x 3 x 3
factorial arrangement of treatments and all 36 treatments. All data were
recorded by clipping date. A regression analysis of each variable on clip-
ping date, recorded as number of days since the base date of September 1,
was conducted where the linear, quadratic, cubic, and quartic terms for
clipping date were included. Regression analyses were conducted for each
level of N, P, and K in the factorial arrangement, specific combinations
of N, P, and K, and the control treatment, where no fertihzer (no N, P,
or K) was applied. Coefficients of variation and all possible correlation
coefficients were calculated.
Pounds plant nutrients
per acre applied annually
N P2O5 K2O
200 100 100













Several terms used and discussed are abbreviated for simplicity and the
conserving of space. They are as follows:
N —Pounds per acre of applied nitrogen.
P2O5 —Pounds per acre of applied phosphorus (P), expressed as P2O5.
K2O —Pounds per acre of applied potassium (K), expressed as K2O.
Protein —Percent crude protein (percent total N x 6.25) in the forage.
CWC —Percent cell wall constituents in the forage.
ADF —Percent acid detergent fiber in the forage.
DDM —Percent in vitro digestible dry matter in the forage.
P —Percent phosphorus in the forage.
K —Percent potassium in the forage.
Ca —Percent calcium in the forage.
Mg —Percent magnesium in the forage.
A. Pounds Dry Forage Yield Per Acre
1. Nitrogen
Total forage yield responded significantly to applied N (Table 1).
Total yield increased by nearly 700 pounds and 500 pounds per acre with
the 300- and 4()0-pound levels of N, respectively, over the 200-pound rate.
The increase between the 300- and 4()0-pound rates was less than that
between the 200- and 300-pound rates, indicating that total yield as a
response to applied N was beginning to peak.
Levels of N had a significant effect on the yield distribution over the
growing season, although the confidence intervals are not shown (Figure
1). However, there were no real yield differences between levels of N until
early March. Thus, a total of 150 pounds of N, with 100 pounds applied
at planting and 50 pounds in mid-December, was sufficient to provide
maximum growth until early March. Differences in response of yield to N
were evident beginning in early March. Statistical yield differences did
not occur between the 300- and 40()-pound levels of N until mid-April.
Consequently, season, or when the forage was harvested during the
season, had an interacting dominant effect on yield among N levels. This
is verified by the regression equation values in Table 18 (Appendix).
The variation obtained in yield distribution response to the 30()-pound
level of N from early November to early March was not expected to occur.
Yield data of all individual treatments are shown in 1 able 2. Plots
that did not receive any fertilizer produced 3,836 pounds of forage per acre,
whereas a total of 7,186 pounds were produced with a 2()()-10()-l()0 appli-
cation, l otal forage yield of the nonfertilized oat-ryegrass mixture was
similar to that of other nonfertilized forage crops grown at this location.
However, the growth curve of the nonfertilized oat-ryegrass forage was
quite similar lo that of forage with complete fertilizer, but the yield was
much lower throughout the season (Figure 1).
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Table 1. Mean effects of applied N, P, and K
on pounds dry forage per acre of an oat-
ryegrass mixture, five-year average
Lbs/a Lbs/a P2O5
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Fig. 1. Mean effects of lbs/a of applied N averaged over 100,
200, and 300 lbs/a of applied P2O5 and K2O on the forage
yield distribution of an oat-ryegrass mixture^ Average of
seven clippings per year over five years.




Increasing the applied P2O5 from 100 to 300 pounds per acre
resulted in significant yield increases (Table 1 ). The increases were only 239
pounds of forage at the 200-pound P2O5 rate over the lOO-pound rate,
and 70 pounds of forage at the 3()()-pound rate over 200 pounds P2O5
per acre. However, the Importance of these yield increases is questionable,
economically, and other factors relative to the quality of the forage and
soil fertility status should be considered.
The yield differences due to levels of applied P2O5 occurred mainly
from mid-November to early March (Figure 2). There was no yield dis-
tribution advantage to the 300-pound P2O5 rate over the 200-pound
^ I I I I I I I I I I I I I
NOV DEC JAN FEB MAR APR MAY
1 1 11 1 1 1
Fig. 2« Mean effects of lbs/a of applied Pj^S averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied K2O on the forage yield distribution of an
oat-ryegrass mixture. Average of seven clippings per year
over five years.,
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rale. A significant interaction was obtained between years and P2O5
levels (T able 1()). Thus, variations in air temperature (Appendix, Figures
15-18) and soil moisture (Appendix, Tables 19-22) during the growing
season affected yield response to P2O5 levels differently. The percent
P in the forage increased significantly with increased levels of P2O5
(Table 11, Figure 11). The period of time that P content was highest in
the forage corresponded with the period that yields for the 200- and
30()-pound rates were lower (Figure 2) than for the 100-pound rate.
This may indicate that the high P uptake by the plants had a detrimental
effect on the phosphatic energy-transfer enzyme system and metabolic
processes. If this occurred, excessive P in the plants would lower the
growth rate during the colder part of the season, with plants regaining
a higher P utilization and growth rate in the spring when growing condi-
tions improsed.
3. Potassium
There was a significant increase in yield due to increased applications
of K2O (Table 1). The increase was greater between the 100- and 200-
pound rates than between the 200- and 300-pound rates, 464 and 134
pounds dry forage per acre, respectively. The differences occurred from
mid-November to early January, and from mid- March through April
(Figure 3).
4. Other Relationships
Yield responses to all individual N-P2O5-K2O combinations are
shown in Table 2. A treatment combination represents pounds of
N-P2O5-K2O applied per acre. Yields of 14 of the 36 combinations
w^ere significantly different. Total yield, as an average of all treatment
combinations, differed significantly among years. Yield responses through-
out the season to four individual treatment combinations are illustrated
in Figure 4. Yield response of the 300-200-200 did not differ from that
of the 400-200-200 until mid-February. Data in Table 2 indicate that
at the 2()()-pound level of N a 2-1-2 rado, at the 300-pound level of N a
3-2-2 ratio, and at the 400-pound level of N a 4-2-3 ratio generally re-
sulted in the highest yields.
Comparisons of yield data of individual treatments in Table 2
demonstrate the need for \, P, and K to be included in a fertilizer
program for an oat-ryegrass mixtme on soil similar to that at this location.
1 he application of 0-0-200 did not increase yield over that of the 0-0-0.
However, the application of 0-200-0 did significantly increase the yield
by 258 pounds of dry forage per acre over that of the 0-0-0. The application
of 2()()-0-0 produced 2,038 pounds more forage than did the 0-0-0 com-
bination, but 1,312 pounds less than the 200-100-100 combination. Both
the 200-200-0 and the 200-0-200 increased yield by 873 pounds over the
yield from 200-0-0. 1 he 200-100-100 resulted in 439 pounds more forage
than either the 200-200-0 or the 200-0-200 combination. Thus, a greater
response occm red by the application of N alone as compared with P or K
alone, with the response of P or K alone being similar. But the omis-
sion of any one of the three plant nutrients reduced significantly the
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response to those nutrients that were applied as compared with the
response when all three were applied.
There were no significant interactions among applied N, P, and K
on yield ( l able 16). There was a significant year effect on yield. This
was primarily due to variation in the amount and distribution of rainfall
and temperature fluctuations among years. Temperature was below the
minimum considered adequate for forage growth about 10 days each year,
and these periods varied from mid-December to early February.
Correladon coefficients between yield and the other measurements are
shown in Table 17. Protein, P, and K content in the forage were
negatively correlated with yield, whereas Ca had a low posiuve correlation
with yield. This indicates the ability the plants have to take up, trans-
locate, and utilize N, P, and K for additional growth.
2000 -I
1 1 1 1 1 11
Fig. 3. Mean effects of lbs/a of applied K2O averaged over 200,
300, and 400 lbs/a of applied N and 100, 200, and 300 lbs/a
of applied P2O5 on the forage yield distribution of an oat-
ryegrass mixture. Average of seven clippings per year over
five years.
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Table 2. Effects of applied N, P, and K on
pounds dry forage per acre of an oat-
ryegrass mixture, five-year average
Pounds per acre Dry
N P2<55 K2^ forage
200 100 100 7186^
200 200 100 76799
200 300 100 7643^
200 100 200 7919^
200 200 200 75909
200 300 200 76899
200 100 300 75789
200 200 300 7862^
200 300 300 7929^1
300 100 100 8004^
300 200 100 8121^
300 300 100 8036^
300 100 200 84963
300 200 200 8733^
300 300 200 8599J
300 100 300 8536^
300 200 300 8580J
300 300 300 8859^
400 100 100 7904^
400 200 100 86013
400 300 100 8843^
400 - 100 200 8846^
400 200 200 9070-'-
400 300 200 9242"^
400 100 300 90081
400 . 200 300 9465"
400 300 300 9498"
0 0 0 3836^
200 0 0 5874^
200 200 0 6717^
200 0 200 6777^
0 200 0 4094^
0 0 200 3880f-
0 200 200 4209^
300 0 0 6380







Values with same letter superscript not
significantly different at P/.05. Super-
scripts pertaining to data of fertilizer
treatments are not related to the super-
scripts in the year average portion of the
table.
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Fig. 4. Mean effects of lbs/a of specific combinations of
applied N, P2O5/ and K2O on the forage yield distribution of
an oat-ryegrass mixture. Average of seven clippings per
year over five years.
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The CWC and ADF were positively correlated with yield. Both increased
rapidlv in the spring as yield and cell differenuation increased. The DDM
was negativeh correlated with yield, ^vhich reflects changes in cell content,
cell differentiation and maturation, and plant morphology that occur
with increased yield in the latter part of the growing season.
B. Forage Quality
1 . Percent Crude Protein
The percent crude protein in forage has long been recognized as an
indicator of forage quality for ruminants. It is calculated by percentage
total X in the forage multiplied by 6.25. Protein digestibility of forage
has been positively correlated with percent protein of the forage. It is
generally accepted that the protein digestibility of the forage used in
this study is relati\ ely high compared ^\'ith that of ^varm season perennial
grasses. Crude protein content in forage of 15.6 to 18.7 percent on a drv
matter basis has been considered adequate for a beef cow with a calf at her
side.
(a) Nitrogen
Average crude protein content in the forage increased significantly
with each increase of applied X (Table 3). The increases were 1.4 and 1.8
percent, respectively, with 300 and 400 pounds of X over 200 pounds.
However, the protein in the forage at the 200-pound rate averaged 3.5
percent higher than that in the iionfertilized forage (Table 5).
^
The protein of the forage throughout the season as affected bv ap-
plied X is illustrated in Figure 5. Protein at all levels of X was highest
in Xovember and decreased gradually until mid-March. There was onh
about a 2 percent difference due to level of X until mid-January. The
largest difference in protein content due to applied X occurred in mid-
March between the 200- and 3()0-pound levels of X. A rapid decline in
protein began in mid-March and continued to the end of the season. The
protein content at all levels of X was separated by only a 3 percent differ-
ence at the end of the season. The slight variations of protein content
throughout the season, particularly in early Xo\ ember. January 1, mid-
March, and late April reflect a X x clipping date interaction (Table
16). It should be pointed out that the forage was maintained in a \egeta-
tive stage throughout the season. More frequent clippings in the spring
tended to delay maturation. It is obvious that some morphological
change and cell maturation occurred. Botanically. the forage was pre-
dominantly ryegrass during the last month of the growing season. General-
ly, ryegrass remains vegetative about 30 days longer than oats. Although
a shift in the botanical composition of the forage occurred, the latter part
of the season had a greater effect on protein (Figure 5). This occurred
even though one-fourth of the total X of each rate was applied in mid-
March.
Protein in the nonfertilized forage was reladvelv high compared with
that in the fertilized forage and decreased linearly until the end of the
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Table 3. Means effects of applied N, P, and K
on percent crude protein (dry matter basis)
in forage of an oat-ryegrass mixture, five-
year average
Lbs/a Lbs/a P2O5
















Av 25 ol-*- 25.
2I 25.ll 25.2
Lbs/a Lbs/a K2O







00 /I a 123 .4°^:^
25.0^2
26.6^-^























Values with same letter superscript in verti-
cal columns and same number superscript m
horizontal lines are not significantly
different at P/..05.
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season (Figure 5). At the end of the season the protein of nonfertihzed
forage was less than 1 percent lower than that of the forage at the
2()()-poun(l level of N. The protein content of the forage at all levels of
applied N was considered adequate for beef cows until early May. Protein
content of the nonfertihzed forage fell below this range in early April.
These data also help explain why hay made in late spring, or as the plants
approach maturity, tests uniformly low in protein regardless of the
amount of N previously applied.
(b) Phosphorus
There was not a significant overall response of protein content in
the forage to applied P2O5 (Table 3).
(c) Potassium
Applied K2O had a significant effect on percent protein, in that
protein content decreased as applied K2O increased. A season average
maximum difference of only 0.8 percent occurred among the applied
rates (Table 3). This difference occurred in December and late February.
Although statisucally significant, it is doubtful that the differences are of
importance economically. There was no interaction between levels of
K2O and clippings over years (Table 16).
(d) Correlations
Protein was positively correlated with P, K, Mg, and DDAI (Table 17).
The plant nutrients and protein are constituents of cell content. Protein is
a highly digestible constituent of cell content. The extent to which rumi-
nants can metabolize the minerals of the forage is uncertain. The highly
35.0 ^
' I I I I I I I I I I I I I
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Fig. 5. Mean effects of lbs/a of applied N averaged over 100,
200, and 300 lbs/a of applied P2O5 and K2O on crude protein
content (dry matter basis) in forage of an oat-ryegrass
mixture. Average of seven clippings per year over five years.
IJl The no fertilizer line is included to provide base line
information only.
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significant negative correlation values of protein with CWC and ADF are
indicative of the relationship between cell content and structural carbo-
hydrates in these grasses. Cell content decreased as structural carbohy-
drates increased. This primarily occurred in the latter part of the
growing season as cell differentiation and maturation progressed.
Protein synthesis in plants is dependent on P as a constituent of
an
energy- transfer mechanism in growth processes. Thus, as protem
is
increased or decreased, the level of P needed for this function
varies
accordingly. Potassium is mobile in the plant. It is involved in
enzymatic
processes and helps to maintain an ionic balance and cell pH. Calcium
is
laid down in the cell wall of plants and is immobilized. Magnesium is
involved in the growth processes of the plant cell protoplasm.
The protein content indicates one ol the reasons ihe forage used in
this study is considered to be highly nutritious for ruminants when
properly fertilized and managed to maintain it in a vegetative stage.
2. Pounds Crude Protein per Acre
Pounds of protein per acre may be used as a measure of quality on a
quantitative basis and aids in an economic evaluation of the forage. The
value per pound of protein may be somewhat arbitrary, but calculation
of cost in producing pounds of protein per acre can be rather exact.
Thus, one can make a relative economic assessment based on the cost
of applied fertilizer and expected production.
(a) Nitrogen
Applied N had a significant effect on the pounds of protein produced
per acre (Table 4). The season average increase was approximately 300
pounds per acre for each increase in N levels above the 2()0-pound rate.
However, the total protein production was less than 700 pounds per
acre with no applied fertilizer and less than 1,300 pounds when only N
was applied, as compared with nearly 1,600 pounds per acre when a 200-
100-100 combination was applied (Table 5). Production of protein from
the fertilized plots increased in November, decreased from early Decem-
ber to late January, then increased until early April, and declined the
remainder of the season (Figure 6). However, the pounds of protein
produced in the nonfertilized forage was constant and did not fluctuate
throughout the season. Differences in pounds of protein per acre due to
applied N were fairly uniform until early March but then increased in
early April. Differences in protein production between applied rates of N
were greater at the end of the season than at the beginning. The de-
crease in pounds of protein per acre in January was more a function of
the slight decrease in percent protein at that time than forage yield. The
forage yield increase from early February to early April was the dominant
factor accounung for more pounds of protein per acre produced then.
This was more evident at the 300- and 40()-pound rates of N than at the
20()-pound rate. Although forage yield continued to increase the remainder
of the season, a diludon effect in percent protein occurred, resulting in a
decrease in pounds of protein per acre the latter part of the season. This
was probably due in part to a shortage of available N.
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Table 4. Mean effects of applied N, P, and K
on pounds crude protein per acre in forage
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Table 5. Effects of applied P, and K on the crude pro-
tein content (dry matter basis) and pounds crude protein
produced per acre in the forage of an oat-ryegrass mixture,
five-year average ^
Pounds per acre Protein Protein































































































































































































Values with same letter superscript not significantly dif-
ferent at p2-05. Superscripts pertaining to data of
fertilizer treatments are not related to the superscripts


























Fig, 6. Mean effects of lbs/a of applied N averaged over 100,
200, and 300 lbs/a of applied P2O5 and K2O on the distri-
bution of pounds crude protein per acre of an oa t-ryegrass
mixture. Average of seven clippings per year over five
years
.
/_1 The no fertilizer line is included to provide base line
information only.
(b) Phosphorus
Pounds of protein per acre were significanth increased bv applied
P2O5 (Table 4 1. This was a funcdon of the effect of P2O5 on vield
onlv. because P2O5 had no effect on percent protein. The protein vield
differences occurred from No\ember to mid-January and were mainly
between the lUO-pound le\el and the 200- and 300-pound P2O5 levels.
The P2O5 response cur\e representing pounds of protein per acre
o\er the season was similar to that of the a\erage X cur\e. There was
less than 100 pounds of protein per acre difference among all three levels
ot applied P2 05-
(c) Potassium
increased K2O levels significanth increased the pounds of protein per
acre ( Table \ ). The greatest difference in pounds of protein production
occinred between the lOO-pound le\el and the 200- and 3()0-pound K2O
levels from mid-January to early April. I he total difference between the
100- and 200-pound levels was 6(3 pounds of protein per acre; the differ-
ence l)etween the 200- and jOO-pound levels was onh 10 pounds.
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(d) Correlations
There was a significant positive correlation between forage yield and
pounds of protein. The relationship was lowered because protein pro-
duction decreased sharply in April while forage yield continued to
increase. Decrease in protein production toward the end of the season
resulted from maturation, and dilution of the N in the increased forage
yield.
The positive correlations of ADF and CWC with pounds of protein
per acre are accounted for by the fact that the trend of all these measure-
ments was similar until the latter part of the season. The ADF and CWC
continued to increase, whereas pounds protein decreased, thus lowering
the relationship.
The negative correlation between DDM and pounds of protein per
acre is attributed to the inverse relationship of the two from November
to early February.
3. Structural Carbohydrates and in Vitro Digestible Dry
Matter
Crude protein and crude fiber determinations have been used as
measures of forage quality for many years and have contributed con-
siderably to the evaluation of forages for feed. Accepting the limitations
of these measures for quality, researchers have continued to investigate
other laboratory methods that would more nearly relate laboratory values
to animal performance. Two procedures were used in evaluating forage
samples obtained throughout this study. One procedure was to fractionate
the plant cell into cell content and cell wall constituents. Acid detergent
fiber was then separated from the cell wall constituents. The other was
an in vitro digestible dry matter procedure that simulates rumen condi-
tions.
(a) Percent Cell Wall Constituent
Cell wall constituent (CWC), chemically or physiologically, is the total
fibrous fraction of the forage. It includes hemicellulose, cellulose,
lignin,
and ash. The remainder of a plant cell, apart from CWC, is cell content.
Cell content generally includes true protein, other nitrogenous
com-
pounds, organic acids, and the more soluble carbohydrates (starches and
sugars). Cell content is considered to be approximately 98 percent
digestible. Agronomically, little can be done to increase the digesti-
bility of cell content, but the challenge to researchers is to increase
the percent cell content or increase the digestibility of its
counterpart,
CWC. The in vitro DDM procedure does not measure the digestibility
of CWC per se, but the total dry matter. The ultimate aim of these
procedures is to establish an index that most nearly predicts animal
performance.
(1) Nitrogen
The mean effect of N on percent CWC was significant ( 1 able 6). The
differences were small, but CWC decreased as N levels increased. T he CWC
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Table 6. Mean effects of applied N, P, and K
on percent cell wall constituents (dry
matter basis) in forage of an oat-ryegrass
mixture^ five-year average
Lbs/a Lbs/a P2O5
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Values with same letter superscript in verti-
cal columns and same number superscript in
horizontal lines are not significantly
different at PZ..05.
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of the nonfertilized forage averaged 41.6 percent (Table 10), while that
of the 3()0-pound level of N averaged 41.5 percent. Figure 7 illustrates
CWC as an average of all N, P2O5, and K2O levels throughout the
season. Response differences of CWC to N were too small to illustrate.
CWC increased in November, then generally leveled off until mid-February,
and increased at a uniform rate until the end of the season. Season and
year differences had significant effects on CWC. The CWC increased from an
average of 34 percent at the beginning of the season to 59 percent at the
end of the season. The CWC averaged 5.1 percent lower in the 1970-71
season than in the 1967-68 season. The CWC in nonfertilized forage was
No Fertilizer /l
N levels avg. over 100, 200, and
300 lbs/a P2O5 and K2O.
Below:
Avg. of 200, 300, and 400
lbs/a N and 100, 200, and




















Fig. 7. Mean effects of applied fertilizer on acid-detergent
fiber (ADF), cell wall constituents (CWC), and in vitro di-
gestible dry matter (DDM) in forage of an oat-ryegrass mixture.
Average of seven clippings per year over five years.
^ The no fertilizer line is included to provide base line
information only.
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lower in No\ember and April and higher in January and February than
was CW'C in the fertilized forage.
(2) Phosphorus
Applied P2O5 did not affect the percent CW C through the growing
season (1 able 6). 1 he C^VC response curve to P2O5 was similar to the
average curve over all the X levels.
(3) Potassium
Applied K2O had no significant effect on percent CWC in the forage
(Table 6).
(4) Correlations
The CW C was significantly correlated with ADF (Table 17). ADF con-
stitutes approximately one-half of the CWC (Figure 7). The significant
negative relationship of CWC to DDM reflects the inverse relationship
of these two factors, on a percentage basis, throughout the season.
(b) Percent Acid Detergent Fiber
Acid detergent fiber gives a more realistic measure of the fiber that
mav be digested by a ruminant than does crude fiber because ADF
includes the lignin. whereas some lignin is extracted in the crude fiber
analysis.
(1) Nitrogen
The ADF decreased significantly as applied X increased (Table 7).
1 he maximum ADF difference was 0.7 percent. The season average of the
ADF in the nonfertilized forage was 22.2 percent (Table 10) as compared
^\•ith 22.1 percent for the overall X effect. P igine 7 illustrates the similarity
of the ADF in the fertilized and nonfertilized forage throughout the sea-
son. It is doubtful whether these differences cotdd be detected by animal
esaluations.
Approximately half of the CWC is ADF (Figure 7). 'Fhe season curve
differed slightly for ADF as compared ^\ith CA\'C. Fhe ADF remained at
ai)out 19 percent from the beginning of the season until early March and
then increased more gradually to the end of the season than did C\VC.
Fhe difference in slopes of the ADF and C\VC curves indicates probably
more hemicellulose acctimidation in the forage during the latter part
of the season.
(2) Phosphorus
Fhe ADF in the forage was not significantly affected by applied
P2O5 (Fable 7). I his indicates that although P has an essential role
in plant gr()^vth. it is not a significant part of the fibrous fraction.
(3) Potassium
Increased K2O lexels significantly increased ADF in the forage
(lable 7). A mean difference of 0.^^ percent occurred i^et^veen the 100-
and 2()0-poini(l levels of K2O. Fhe ADF as affected by K2O was
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Table 7. Mean effects of applied N, P, and K
on percent acid detergent fiber (dry matter
basis) in forage of an oat-ryegrass mixture,
five-year average
Lbs/a Lbs/a P2O5















Av 22. 0^ 22. 1^ 22.1"^ 22.1
Lbs/a Lbs/a K2O















Av 21. 9I 22. 2^ 22.
2^ 22.1
Lbs/a Lbs/a K2O
^2^5 100 z uu















Av 21. 9I 22o22 22.
2^ 22ol
Values with same letter superscript in verti-
cal columns and same number superscript in
horizontal lines are not significantly
different at V/_.05.
27
slightly higher from November until mid-February when compared with
N effects on ADF. In the remainder of the season, ADF responded
similarly to all applied nutrients.
(c) Percent in Vitro Digestible Dry Matter
The DDM represents that portion of the forage, both cell content
and CWC, that can be utilized by ruminants. Results reported in other
studies indicate a high positive correlation between in vitro (test tube)
DDM values and in vivo (animal) DDM values. Therefore, these findings
should be used as relative values. It is more difficult to measure small
differences in forage quality with the in vivo procedure because of animal
variation. The small in vitro DDM differences that were detected in this
study may be of minimal importance to actual animal performance.
The DDM data are reported as in vitro "true" digestibility values and
not as "apparent" digestibility values. True digestibility is based on only
the undigested forage residue, whereas apparent digestibility is based on
the forage residue and the microfloral residue. Most of the data cited in
literature are presented as apparent digestibility. A high correlation
exists between true and apparent digestibility. Therefore, the true
DDM values reported herein are valid and relative among treatments.
True DDM values are 12 to 15 percent higher than apparent DDM values.
(1) Nitrogen
The DDM in the forage increased significantly as applied N increased
(Table 8). The DDM season average increase due to N was 0.6 percent.
The DDM season average of the nonfertilized forage was 87.8 percent
(Table 10), the same as the average of all N rates.
Response of DDM to applied N throughout the season is illustrated
in Figure 7. The DDM decreased slightly in November, remained level
until mid-January, and increased slightly until early March, at which
time it decreased rapidly until the end of the season. Generally, the
effects of N were consistent throughout the season. The DDM of the
200-pound N level was lowest, with the 300-pound level intermediate
and the 400-pound level highest. The differences were small throughout
the season and of minimal practical importance.
The DDM in nonfertilized forage compared with that of the fertilized
forage from the beginning of the season until mid-January is not well
understood (Figure 7). The DDM of the nonfertilized forage was identical
to that of the fertilized forage initially but then was higher until mid-
January, after which time it was lower until late April. An explanation
may be that in the early part of the growing season the native fertility
status of the nonfertilized soil was in a more desirable balance for plant
growth, so as to enhance a more digestible fibrous fraction. Also, CWC in
the nonfertilized forage was lower, indicating that the highly digestible
cell content was higher. However, as the season progressed, essential
plant nutrients became more limited for plant growth, stimulating cell
differentiation and maturation in the nonfertilized forage. This is sub-
standated more by yield and percent protein than by CWC and ADF.
Increased lignification, not accounted for, would be a consideration.
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Table 8. Mean effects of applied and K
on percent iii vitro digestible dry matter
(dry matter basis) ^in forage of an oat-
ryegrass mixture, five-year average
Lbs/a Lbs/a P2Q5
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On the average, le\el of applied P2O5 did not significantly alter the
DDM in the forage (Table 8).
(3) Potossium
Overall, level of applied K2O did not significantly alter the DDM in
the forage (Table 8).
The response curves of DDM at all rates of applied P2O5 and
K2O were essentially the same as the curve averaged over all rates of
applied X (Figure 7).
(d) Pounds in Vitro Digestible Dry Matter per Acre
A measure of pounds of DDM per acre contributes to the evaluation
of response of this forage mixture to applied fertilizer. It gives more insight
into the quality aspects on a per acre basis. Pounds DDM per acre
provides a better economic evaluation of the forage than does yield alone.
It represents, to a relative degree, the portion of the forage utilized by
ruminants.
(1) Nitrogen
There was a significant response in pounds DDM to applied N
(Table 9). A 652-pound increase was noted at the 3()0-pound level over
the 200-pound level of N, and a 445-pound increase at the 4()0-pound
level over the 3()0-pound level of N. The DDM yield of the nonfertilized
forage was about half that of the forage that received 200 pounds of N
(Table 10).
The response curves of DDM yield shown in Figure 8 are similar
to the response curves of forage yield in Figure 1. Although applied N had
a significant effect on percent DDM throughout the season, the effects
were of a relatively small magnitude. 1 hus, pounds DDM per acre was
more a function of season effect and forage yield than percent DDM. The
significant difference occurred mainly in March and April between the
200- and :^0()-pound levels of N.
(2) Phosphorus
There was a significant response in pounds of DDM per acre to
each increase in applied P2O5 even though the season averages were
comparatively small (Table 9).
Pounds DDM per acre generally increased throughout the season
with each increase in P2O5 (Figure 9). Response to 100 pounds of
applied P2O5 was lower than response to the other P2O5 levels in
November, December, and April, and higher in January and February.
(3) Potossium
Applied K2O had a significant effect on pounds DDM per acre. This
was a function of forage yield response to K2O levels and not a response
of percent DDM to applied K2O. As with forage yield, a greater dif-
ference in pounds DDM per acre occurred at 200 pounds of K2O per
30
acre over 100 pounds per acre than at 300 pounds of K2O over 200
pounds per acre (Table 9). The DDM yield difference due to applied
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Fig. 8. Mean effects of lbs/a of applied N averaged
over 100.
200, and 300 lbs/a of applied P2O5 and K2O on pounds
in
vitro digestible dry matter (DDM) in forage of an
oat-
ryegrass mixture. Average of seven clippings per year
over
five years, ,
l\ The no fertilizer line is
included to provide base line
information only.
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Table 9. Mean effects of applied N, P, and K
on pounds in vitro digestible dry matter
per acre in forage of an oat-ryegrass mix-
ture, five-year average
Lbs/a Lbs/a P2O5
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Fig. 9. Mean effects of lbs/a of applied PoOs averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied K2O on pounds _in vitro digestible dry matter
(DDM) per acre in forage of an oat-ryegrass mixture. Average
of seven clippings per year over five years.
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Table 10. Effects of applied P, and K on several
quality measurements (dry matter basis) in the dry



























































































































































































































































































































Values with same letter superscript not significantly
different at P/.. 05. Superscripts pertaining to data
of fertilizer treatments are not related to the super
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Fig. 10. Mean effects of lbs/a of applied K2O averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied P2O5 on pounds in vitro digestible dry
matter (DDM) per acre in forage "o? an oat-ryegrass mixture,
Average of seven clippings per year over five years.
4. Mineral Determinations
(a) Phosphorus Content
Phosphorus has an essential role in plant growth. The P content in
forage is nutritionally important in the diet of a ruminant. Its role in the
animal's diet and health is not completely understood. Both the percent
phosphorus in the forage and the ratio of it to other minerals are im-
portant. A range of 0.26 to 0.32 percent P is considered adequate for a
beef cow with a calf.
(1) Nitrogen
Applied N had a significant effect on percent P in the forage (Table 11)
but the mean difference was small and probably of no real importance.
More pronounced differences among N levels were detected within
P2O5 levels. The differences in P content in the forage throughout
the season between applied N rates varied from 0.1 percent in November
and December to 0.2 percent from mid-March through the remainder of
the season. There was a significant N x clipping date interaction, indicat-
ing that all N levels did not affect P in the forage alike at all clippings.
Phosphorus in the forage was lower at the 200-pound rate of N than at
35
Table 11. Mean effects of applied N, P, and K
on percent phosphorus (dry matter basis) in
forage of an oat-ryegrass mixture, five-
YC CIJL
Lbs/a Lbs/a P2O5
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the other N rates until mid- February and then higher for the remainder
of the season. Significant differences did not occur between the 200- and
300-pound N rates during the first half of the season, or between the
100- and 200-pound rates the last half of the season.
(2) Phosphorus
Applied P2O5 significantly increased the P content of the forage
(Table 1 1). The season average increase of P from the 200- and 300-pound
levels of P2O5 was 0.04 percent and 0.07 percent, respectively, over the
100-pound rate. The P content of the nonfertilized forage was 0.33 percent
(Table 15).
Figure 11 illustrates the response of P content to applied P2O5
throughout the season. Differences in P content of forage due to appli-
cations of P2O5 were fairly consistent, but were greater in midwinter
than at the beginning and end of the season. A quadratic response was
noted, with the peak in mid-January. Percentages of P were identical at
the beginning and ending of the season for 100 pounds of P2O5 per
acre. The P percentages were slightly lower at end of the season as
compared with the beginning of the season for the 200- and 300-pound
P2O5 applications. The P contents of the fertilized and nonfertilized
forages were well within the range considered adequate for beef cows.
(3) Potassium
Phosphorus content in the forage was significantly higher by 0.01 per-
cent with 300 pounds of K2O per acre over the two lower rates (Table
1
1
). This small increase is probably of no practical importance.
100 P2O5 300 P2O5
^«__200 PoOq No Fertilizer /I
0.50 -I .
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Fig. 11. Mean effects of lbs/a of applied P5O5 averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied K2O on the phosphorus content in forage of
an oat-ryegrass mixture. Average of S3ven clippings per
year over five years.




The high correlation between percent P and K in the forage (Table 17)
was due in part to the decline of both nutrients in the latter half of the
season (Figures 11, 12). The mineral ratios in forage are important with
regard to animal nutrition. The P to Ca ratio of the forage was initially I
a 1:1 ratio with 100 pounds each of applied P2O5 and K2O. As the
season progressed, the ratio was 1.0:1.2 in mid-December, 1.0:1.1 in mid-
January, 1.0:1.4 in mid-i\iarch, 1.0:1.7 in mid-April, and 1.0:1.5 at the
end of the season. The P to Mg ratios were 1.0:0.69, 1:0:0.86, 1.0:0.79,
1.0:0.89. 1.0:1.0!^, and 1.0:1.0, respectively, for the same periods.
(b) Potassium Content
Potassium is an essential major plant nutrient. Plants can accumulate
excessive levels of K, a condition commonly referred to as "luxury con-
sumption." It is estimated that a range of 1.8 to 2.1 percent K in the
forage is adequate for a beef cow with a calf. The animal apparently
excretes excess K without difficulty. It is speculated that K plays an
important role in a ruminant by helping maintain a proper pH in the
saliva and rumen, and in the diet of the rumen microflora. The ratio of
K to other mineral elements in the ruminant diet is important but not
well understood. Potassium is also involved with the grass tetany syndrome.
(1) Nitrogen
Levels of N had a significant but inconsistent effect on K content of
the forage. The numerical differences among the mean nitrogen effects
were small (Table 12). The season average of K content in the forage
was higher at the 300-pound level of N than at 200 or 400 pounds.
The differences in K content as affected by applied N throughout the
season were small. The widest range between N levels occurred in
February and April. Differences in K content due to N levels were too
small to be considered important in either plant or animal nutrition.
(2) Phosphorus
There was no significant overall effect of applied P2O5 on the K con-
tent of the forage (Table 12).
(3) Potassium
The K content of the forage responded significantly to applied K2O
(Table 12). The K content increased w^ith each increased level of K2O.
1 he difference was greater between the 100- and 20()-pound applications
of K2O than between the 200- and 300-pound applications. The K content
was approximately 4.5 percent in early November and gradually declined
throughout the season to about 2.2 percent (Figure 12). The nonfertilized
forage was higher in K content throughout the season than was the forage
that received 100 pounds of K2O. This probably was a result of a dilu-
tion effect of the K due to the increased yield stimulated by the applied
fertili/er. The K content showed a linear decrease throughout the season
to 100 pounds of applied K2O, whereas the K decrease at the higher
rates was less dramatic until the latter part of the season.
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Table 12. Mean effects of applied N, P, and K
on percent potassium (dry matter basis) in
forage of an oat-ryegrass mixture, five-
year average
Lbs/a Lbs/a P^O
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Fig. 12. Mean effects of lbs/a of applied K2O averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied P2O5 on the potass iiim content in the forage
of an oat-ryegrass mixture. Average of seven clippings per
year over five years.
l\ The no fertilizer line is included to provide base line
information only.
(A) Correlofions
Potassium content was negatively correlated with Ca and Mg (Table
17). This was due in part to the fact that K decreased until the end of
the season. Potassium content was negatively correlated with CWC and
ADF, but was positively correlated with DDM. Most of the K in forage
is found in the cell content. Thus, as CWC and ADF increased, the cell
content decreased, with a corresponding reduction in the amount of K
relative to the decrease in cell content. This does not imply that K content
increased digestibility of the forage per se. It was more a matter that the
K was located in the plant cell content, which is the more digesdble forage
constituent.
(c) Calcium Content
Calcium has long been recognized as an essential secondary plant
nutrient, and also an essential and major mineral in animal nutrition.
A Ca content of 0.22 to 0.25 percent in forages is considered adequate for
beef cows. Forage yields of grasses have not shown a large response to
applications of Ca, generally a lime material. The Ca content of the
forage can be increased by applying Ca periodically.
(1) Nitrogen
There was a significant response in Ca content of the forage to
applied N. Calcium increased as levels of N were increased (Table 13),
40
partially due to the plant s necessity to maintain cell content ionic bal-
ance. The Ca content increased 0.02 percent with each increase of N.
1 he average Ca content oi nonfertilized forage was 0.35 percent (1 able 15).
Calcium content was affected little by applied N at the beginning of
^
the season. Response of calcium to all N levels then increased until mid-
December, then declined until February. The lower temperature and
higher soil moisture conditions possibly decreased the availability of soil
Ca during this time. From February to mid-April, calcium content
increased more rapidly in response to the 300- and 400-pound N levels
than to the 2()0-pound level. It declined uniformly at all N levels from
mid-April to the end of the season. Calcium was lower by 0.10 to 0.13
percent at the beginning of the season than at the end.
(2) Phosphorus
1 here was a significant increase in Ca content of the forage due to
applied P2O5 ( Fable 13). The significant P x K and N x P x K inter-
actions indicate that the influence of P2O5 levels on the Ca content
varied among the N levels and the K2O levels. However, the numerical
values of these interactions were small. The increase in Ca due to applied
P2O5 over all N and K2O rates was only 0.01 percent and of little
practical importance. The Ca at the lOO-pound rate of P2O5 was lower
than that at the other two rates from mid-January to mid- February but
higher in mid-April. Forage from the 300-pound P2O5 level was slightly
higher in Ca than forage from the 20()-pound level during the last half
of the season, but the two were similar for the first half of the season.
(3) Pofossium
Increasing the K2O levels significantly decreased the Ca content of
the forage ( Fable 13). Applied K2O affected the Ca content more than
did applied N and P2O5. The effect of applied N on increasing the
Ca content was lessened as applied K2O was increased. Calcium content
was highest (0.47 percent) when 400 pounds of N and 100 pounds of
K2O were applied, and lowest (0.35 percent) when 200 pounds of
N and 300 pounds of K2O were applied. The Ca content of the latter
was essentially the same as that in the nonfertilized forage (Table 15).
These data indicate som.e of the consequences that amounts and ratios
of applied plant nutrients may have on mineral concentrations in plants.
1 he Ca content generally increased throughout the growing season
(Figure 13). The difference in Ca content throughout the season was
greater between the lOO-pound and the 2()0-pound applications than
between the 200- and 300-pound applications of K2O. There was a
decline in Ca content in the latter part of the season, but calcium was
sdll higher at the end of the season than at the beginning. Season effect
and year effect on Ca content were significant.
(4) Correlations
. The positive correlation beteeen Ca and Mg was significant (lable
^ 17). Both elements are cations and may to a degree substitute for each
other in plants. The correlation of Ca with CWC and ADF was positive
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Table 13. Mean effects of applied N, P, and K
on percent calcium (dry matter basis) in
forage of an oat-ryegrass mixture^ five-
year average
Lbs/a Lbs/a P2O3
















Av 0.40^ 0.40^ 0.4l2 0.40
Lbs/a Lbs/a K2O
















Av 0.45^ 0.392 0.37^ 0.40
Lbs/a J-iDS/a
















Av 0.45^ 0.392 O.37I 0.40
Values with same letter superscript in verti-
cal columns and same number superscript in







Fig. 13. Mean effects of lbs/a of applied averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied P2O5 on the calcium content in forage of an
oat-ryegrass mixture. Average of seven clippings per year
over five years.
l\ The no fertilizer line is included to provide base line
information only.
but low. When Ca is available in an adequate amount for plant growth, it
has little effect on CWC and ADF. Percent Ca was not related to DDM.
(d) Magnesium Content
Magnesium is an essential plant nutrient. It is also vitally important
in the diet of a ruminant. The ratio of Mg to other minerals is important
in animal nutridon. A Mg content of 0.16 to 0.20 percent in the forage
is considered adequate for a beef cow and calf.
Magnesium is generally applied as a plant nutrient in the form of
dolomitic limestone.
{^) Nitrogen
Applied nitrogen had a significant effect on Mg content of the forage
(Table 14). There was a 0.01 percent increase in Mg with each increase of
N above the 20()-pound level.
A Mg content of approximately 0.21 percent was noted for all N levels
at the beginning of the season. It then increased undl mid-December,
but with small differences. Magnesium remained fairly constant until
early March. Thereafter, Mg decreased from 0.26 to 0.21 percent at the
20()-pound N level, whereas at the 300- and 4()0-pound levels the Mg con-
tent increased slightly until early April and then declined. Magnesium
in the nonfertilized forage was higher than that of the fertilized forage
at the beginning of the season, but became slightly lower as the season
progressed. It decreased to a low of 0.20 percent in March, and increased
through early May to 0.26 percent.
In all cases, Mg content throughout the season was at or above the-
range considered adequate for beef cows.
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Table 14. Mean effects of applied P, and K
on percent magnesium (dry matter basis) in
forage of an oat-ryegrass mixture, four-
year average
Lbs/a Lbs/a P2^5















0 9PCw » ^ 0
Av 0.261 0.27^ 0.272 0.27
Lbs/a Lbs/a K2O













Av 0.3l3 0.262 0.24^ 0o27
Lbs/a Lbs/a K^O
















Av 0.31^ 0.262 0.24^ 0.27
Values with same letter superscript in verti-
cal columns and same number superscript in




1 here was a small but significant increase in Mg content due to ap-
plied P2O5 ( T able 14). 1 lie differences occurred from mid-November
to
mid- January and were between the lOO-pound P2O5 application
and
the 200- and 300-pound applications.
(3) Pofossium
Increased K2O levels significantly decreased Mg content of the forage
(Table 14). Response to levels of K2O was similar throughout the grow-
ing season (Figure 14), and the inverse relationship between applied
K2O and Mg content was evident. Magnesium in forage that received
100 pounds of K2O increased above 0.30 percent in November and
remained at or above that level until the end of the season. The differ-
ence in Mg content between the 200- and 300-pound K2O levels was less
than that between the 100- and 20()-pound levels. The Ca to Mg ratios
were 1.0:0.67 initially, 1.0:0.72 in mid-December, 1.0:0.70 in mid-January,
1.0:0.65 in mid-March, 1.0:0.62 in mid-April, and 1.0:0.60 at the end of
the season.
(4) Correlofions
There was no significant correlation of Mg with CWC or ADF. The low
significant correlation of Mg with DDM was probably due in part to the
fact that both decreased in the latter part of the season. Magnesium is
utilized by plants in the cell protoplasm. Thus, as the highly digestible
cell content which contained the Mg decreased in the spring, DDM de-
creased accordingly.
0.351
I I I I I I I I I I I i I
NOV DEC JAN FEB MAR APR MAY11 1 1 1 1 1
Fig. 14. Mean effects of lbs/a of applied K2O averaged over
200, 300, and 400 lbs/a of applied N and 100, 200, and 300
lbs/a of applied ^2^5 °^ magnesium content in forage of
an oat-ryegrass mixtureo Average of 7,25 clippings per
year over four years.
/I The no fertilizer line is included to provide base line
information only.
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Table 15. Effects of applied P, and K on the content
of several minerals in the dry forage of an oat-ryegrass
mixture, five-year average
Pounds per acre P K Ca Mg*
N P^03 K^O % % % %
200 100 100 0.34^® 2.69Ct3e 0.40^^9^ 0.28^.
200 200 100 0.41^ 2.57*= 0.44^3^^1 0.31^^
200 300 100 0.43^ 2.59*=^ 0.45^^-^'^ 0.31^^
200 100 200 0.37^ 3.39^^. 0.37^^® 0.24^®
200 200 200 0.39? 3.47^?^^ 0.36^5d 0.25^^
200 300 200 0.43^ 3.46'?^^ 0.37^^^ 0.24^®
200 100 300 0.36®f 3.78^^-': 0.33^^ 0.21^^
200 200 300 0.409^ 3.60V^=' 0.35^<== 0.24^®
200 300 3 00 0.45^ 3.70^J^ 0.36^^^ 0.22^^
300 100 100 0.35® 2.97^ 0.42^^^^^ 0.28^.
300 200 100 0.40^^ 2.56^ 0.46^^^ 0.31^^
300 300 100 0.42^^ 2.88®f. 0.45^^-'-^ 0.30=^
300 100 200 0.37^ 3.46^^^ 0.39^^^"? 0.26^9
300 200 200 0.409^ 3.60^i:? 0.40efgn 0.27^^
300 300 200 0.43^ 3.49^^^ 0.40^^9^ 0.26^9
300 100 300 0-36;^ 3.85^-'-^. 0.37*=^® 0.24^®
300 200 300 0.41^^. 3.723-='^^ 0.37^^® 0.24^®
300 300 300 0.44^^ 3.98-^ 0.37^"® 0.25®^
400 100 100 0.35\ 2.47^^^ 0.48?^ 0.32^^
400 200 100 0.40?^ 2.84^^^ 0.47^"^ 0-31^"'
400 300 100 0.44^^ 2.67^^® 0.47-'-^ 0.33?^
400 100 200 0.34^® 3.41^^. 0.41^1^^ 0.28\
400 200 200 0.38^5 3.50^^^ 0.40®^^^ 0.27^^
400 300 200 0.42^^ 3.26^ 0.44^^^-^ 0.28^
400 100 300 0.35® 3.95-^^ 0.39^®f| 0.25®^
400 200 300 0.409^ 3.85^"'- 0.38^^®^ 0.25®f
400 300 300 0.41^ 3.69^J^ 0.37^^® 0.26^9
0 0 0 0.33^ 2.95^ 0.35^9 0.24f®
200 0 0 0.30^^ 2.22\ 0.43^;^^^ 0.30t
200 200 0 0.40^^ 2.33^^. 0.44^^^-^ ^'^^t^
200 0 200 0.28^ 3.51'^^'- 0-34^^^ 0.23^°
0 200 0 0.41^ 2.63*=^® 0.36^^^ 0.25®^
0 0 200 0.31*= 3.25*3 0.33^^ 0.20^
0 200 200 0.39*3 3.42^^ 0.31^ 0.21^^
300 0 0 0.31^ 2.14^ 0.45;i^-^^ 0.31^^
400 0 0 0.29^^ 2.28^^ 0.44^^^-^ 0.30^
Year Av
1966-67 0.29J 2.76^ ^•^'^t
1967-68 0.33^ 2.72^ 0.37^ ^-25^
1968-69 0.38^ 3.04^ 0.35^ 0-25^
1969-70 0.43^ 3.44^ 0.37^ 0.26^
1970-71 0.43^ 3.62^ 0.43^ 0.2 9^
*Four years only.
Values with same letter superscript not significantly dif-
ferently at T?/_,05. Superscripts pertaining to date of
fertilizer treatments are not related to the superscripts




Dry forage yield of an oat-ryegrass mixture was significantly increased
by applications of N through 400 pounds per acre. Efficiency of utiliza-
tion of applied N as reflected in yield was greatest with 200 pounds of N.
Efficiency decreased as rates of applied N increased. There was no statis-
tical difference in forage yield among N levels until late February.
Nitrogen applications altered yield distribution more than did P2O5
and K2O applications.
Crude protein content in the forage increased approximately 1.5
percent with each increase in applied N. Crude protein content decreased
only slightly through the season until late March. There was about a
1.0 percent difference in protein content of the forage per rate of N at
the final harvest. Protein content was at or above the level considered
adequate for a beef cow on a grazing program throughout the season,
regardless of fertilizer application. Pounds of crude protein per acre in-
creased significantly with increased rates of applied N. The greatest in-
crease in protein production occurred in March; protein production
declined most rapidly in April and early May.
Increased N rates resulted in significant decreases in cell wall consti-
tuent (CWC) and acid detergent fiber (ADF), and increases in in vitro
digesuble dry matter (DDM). However, these effects were small numerical-
ly. It is doubtful whether these small differences could be detected in
animal trials. There were highly significant negative correlations of CWC
and ADF with DDM. The CWC and ADF had a positive correlation with
forage yield, whereas DDM was negatively correlated with forage yield.
Pounds DDM per acre increased significantly with increased rates of
applied N, but the distribution of DDM production was affected little
throughout the season.
Application of N had a negligible effect on P content of the forage.
The K content was significantly higher at the 3()0-pound rate of N than
at either the 200- or 400-pound rate. The Ca and Mg contents increased
about 0.02 and 0.01 percent, respectively, with increased N rates.
2. Phosphorus
Forage yield increased significantly with increased rates of applied
P2O5 through 300 pounds per acre. It is doubtful whether the yield
increase above 200 pounds of P2O5 per acre was economical. The
200- and 30()-pound rates of P2O5 resulted in higher forage yields in
November, December, and April, but lower yields in late January and
February, as compared with yields from the 100-pound application.
Crude protein content was not altered by varying rates of applied
P2O5. Pounds protein increased with increased rates of P2O5.
The CWC, ADF, and DDM were not affected by varying rates of
applied P2O5. The response of DDM per acre to applied P2O5 was
similar to the response of forage yield to P2O5 throughout the growing
season.
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Ihe P content increased approximately 0.04 percent, as a season
average, with each increase in applied P2O5. Phosphorus content was
higher during midseason than in either the early or late part of the
season. There was no significant mean effect of applied P2O5 on K
content of the forage. I he Ca and Mg contents increased about 0.01
percent, as a season average, with each increase in applied P2O5.
3. Potassium
Forage yield increased significantly w^ith increased rates of applied
K2O through 300 pounds per acre. 1 he yield increase at the 3()0-pound
rate of K2O over the 20()-pound rate was about one-third the yield in-
crease of the 2()0-pound rate over the lOO-pound rate. Yield distribu-
tion w^as affected by applied K2O in that yields of the 200- and 3()0-pound
rates were higher than that of the lOO-pound rate in December, March,
and April, but lower in early November and early February.
Crude protein content in the forage decreased as applied K2O
increased. 1 he magnitude of change decreased as the K2O increased.
The response in pounds crude protein per acre to rates of applied K2O
was essentially the same as the response to applied P2O5.
Applied K2O had no significant effect on CWC or DDM, but did
increase ADF significantly at the 20()-pound rate over the 1 00-pound rate.
The DDM per acre w^as higher for the 200- and 300-pound rates over the
lOO-pound rate throughout the season except in early November, mid-
January to early February, and at the end of the season.
The P content in the forage increased by 0.01 percent with 300 pounds
of applied K2O over the two lower rates, averaged over the season. The
K content in the forage increased from 2.69 percent to 3.79 percent, as an
average, as K2O rates increased from 100 to 300 pounds per acre. The
K content decreased linearly from an average of about 4.5 percent at the
beginning of the season to about 2.2 percent at the end of the season.
Potassium content in the nonfertilized forage averaged about 0.2 percent
higher throughout the season than it did in forage that received 100
pounds of K2O. There was a greater difference in the K content in forage
between the 100- and 200-pound rates of K2O than betw^een the 200- and
30()-pound rates. The Ca and Mg contents decreased similarly w^ith
increased rates of applied K2O. Both minerals increased in concentration
in November and March, and decreased in April and May.
4. General Observations
I he data indicate that at the 200-pound level of N a 2-1-2 ratio
of N-P2O5-K2O, at the 300-pound level of N a 3-2-2 rado, and at
the 4()()-pound level of N a 4-2-3 ratio generally resulted in near-maximum
yields. Increased yield due to the application of all three plant nutrients
over yield when one or more of the plant nutrients were omitted justifies
the use of a complete fertilizer.
Season had a greater effect on changes in CWC, ADF, and DDM than
did the imposed treatments. I he CWC and ADF increased in the latter part
of the season while DDM decreased proportionately.
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Both season and treatments affected the mineral contents in the
forage. However, all minerals were at or above the level considered
adequate for a beef cow on a grazing program throughout the season.
The ratios of the minerals in the forage—P, K, Ca, and Mg—were al-
tered by levels of applied plant nutrients. Consideration should be
given to the effects of fertilization on the mineral contents and ratios in
the forage when calculating the total ration of ruminants.
There were highly significant year differences for forage yield and all
the quality measurements. These were due mainly to amounts and
distribution of rainfall and fluctuations in air temperature.
APPENDIX
The analysis of variance is presented in Table 16, and the correladon
coefficients in Table 17.
The regression equations used to construct all graphs pertaining to
yield and quality measurements are presented in Table 18. Rainfall data
are presented in Tables 19-22. The variations in the amount and dis-
tribudon of rain throughout the seasons and among years are obvious.
For example, in September 1967, 4.68 inches fell, whereas for the same
month in 1970 only 0.19 inch was recorded. For October in these
respective years, 1.45 and 10.57 inches were recorded. Although rainfall
data for the first season, 1966-67, were not available, of the four years
shown, total rainfall for a season ranged from 48.21 inches in 1968 to
29.04 in 1969-70. November was drier in 1967-68 and 1968-69 than in
1969-70 and 1970-71.
Maximum and minimum air temperature data plotted on 3-day inter-
vals are presented in Figures 15-18. A comparison of the minimum
temperatures among years shows that periods of low temperature
ranged from late November in 1970-71 to late February in 1967-68.
It is understandable that variations in rainfall and temperature
within and among months, and among years, can have measurable ef-
fects on forage yield, plant nutrient uptake, and plant utilization of the
nutrients. These variations can have temporary effects on the micro-
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